Transfer functions are valuable tools in palaeoecology, but their output may not always be 37 meaningful. A recently-TF the potential to distinguish 38 among reconstructions which are more likely to be useful, and those less so. We applied this test to 39 a large number of reconstructions of peatland water table depth based on testate amoebae. 40
INTRODUCTION 49
Testate amoebae are widely-used proxies in palaeoecological studies; in particular for the 50 reconstruction of water table depth in peatlands (Charman, 2001; Mitchell et al., 2008) . Over the last 51 25 years palaeoecology has been revolutionised by the use of statistical models (transfer functions) 52 to quantitatively reconstruct environmental variables. However, questions are increasingly being 53 raised about the reliability and robustness of transfer function results (Belyea, 2007; Juggins, 2013) . 54
A transfer function will always give an output but that output may not always be meaningful. The 55 only way to establish whether the output of a transfer function is s by comparing the results 56 to independent data, but such data are not always available and even in such cases correlations are 57 complicated by temporal autocorrelation and the limitations of the chronology. 58
Although we cannot realistically assess whether all reconstructions are correct we can conceivably 59 test whether they are potentially useful. Telford and Birks (2011) propose a pragmatic solution: that 60 a reconstruction can be considered statistically significant if it explains more of the variance in the 61 fossil data than those of transfer functions trained on randomly-generated data. Telford and Birks 62 (2011) propose a method, TF , in which: 63
1. The transfer function is applied to the fossil data to derive a reconstruction (using any 64 commonly-applied method). 65 2. The proportion of variance in the fossil data explained by the reconstruction is determined 66 using constrained ordination. 67 3. Multiple new transfer functions are derived using the established modern species data but 68 with the environmental data replaced by uniformly distributed random variables. 69 4. These transfer functions are applied in turn to the fossil data and the variance they explain 70 tested. This is repeated a large number of times, typically 999. 71 5. A reconstruction is considered statistically significant when the proportion of variance 72 explained is greater than that of 95% of the transfer functions based on randomly-generated 73 data. 74
We would expect reliable reconstructions to explain more variance in the fossil data than transfer 75 functions trained on random data, and therefore to give significant results. However, a significant 76 randomTF value is not proof of accuracy and a non-significant result does not necessarily imply 77 inaccuracy. Non-significant results do however give cause for concern and suggest that transfer 78 function output should be treated with caution. randomTF tests can potentially tell us which 79 reconstructions we should trust more, which less, and whether we can predict more than one 80 environmental variable from the same fossil dataset. Telford and Birks (2011) produced since the data were originally published. Taxonomy was harmonised between the fossil 96 data and training set, which in many instances required the grouping or deletion of some taxa 97 (performance statistics may therefore differ slightly from those previously published). Transfer 98 functions were applied based on the model selected by the original authors with sample specific 99 errors calculated by bootstrapping (1000 cycles). All transfer functions were based on either 100 weighted averaging, weighted averaging with tolerance downweighting or weighted average-partial 101 least squares (Birks, 1995) . We applied randomTF using 999 permutations with redundancy analysis 102 as the ordination method. Analyses were conducted in R3.1.2 (R Development Core Team, 2014) 103 using the packages analogue (Simpson, 2007) , rioja (Juggins, 2009) and palaeoSig (Telford, 2011) . 104
RESULTS and DISCUSSION 105
Only five of the 30 tests yielded a significant P-value (P<0.05; 
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